More attention has been paid to the analysis of forced expiratory spirograms than to the inspiratory counterpart, probably because expiration is the more obvious difficulty in chronic obstructive respiratory disease. We believe that a greater understanding of the underlying abnormal mechanisms in the lungs can be obtained from a study of both inspiratory and expiratory spirograms.
The method introduced by Danzig and Comroe and described by Comroe, Forster, Dubois, Briscoe, and Carlsen (1955) for the spirometric analysis of maximum expiratory and inspiratory flow rates has been chosen. It involves the measurement of the time taken to deliver a litre of gas between the first 200 and 1,200 ml. of a forced expiration or inspiration and the conversion of this rate to litres per minute at body temperature and pressure and saturated with water vapour (B.T.P.S.). If a rapid kymograph is used the accuracy obtained is comparable to an electrical pneumotachograph at rates up to 400 litres per minute (Comroe and others, 1955 To assess the variance of the measurement within trials in the same persons, six numbered measurements of M.E.F.R. and M.I.F.R. were made in each of five normal subjects. To compare this with the variance in patients the records of 10 patients were also studied.
For the purpose of relating changes in M.E.F.R. and M.I.F.R. to disability, 61 miners with varying degrees of pneumoconiosis were studied. These miners were from the Fife coalfields and had been referred to the Industrial Chest Diseases Unit at Bridge of Earn Hospital for medical assessment. They formed a homogeneous group in respect of sex, age, and occupation only.
Further experimental studies were performed in three normal subjects and four patients with the clinical diagnosis of emphysema. Spirograms were obtained at varying intrathoracic pressures which were measured by the oesophageal balloon method with the subject in the sitting position. The pressure was recorded through a capacitance manometer on to a Comroe and others (1955) . No attempt has been made to establish norm-al values for sex, age, and size, nor indeed have these yet been published.
In normals and in patients with little or no disability, it appears that the combination of muscular forces and airway resistance favours expiration, since, over the range of measurement, the M.E.F.R. is slightly higher than the M.I.F.R. (Figs. 3 and 4) . Briscoe and Dubois (1958) have shown by specific measurements of airway resistance, using the uninterrupted flow technique of the body plethysmograph, that airway resistance is less at greater lung volumes in any one individual. The airways widen and lengthen on inspiration (Heinbecker, 1927; Macklin, 1929) and the net effect is a reduction in resistance. Since the M.E.F.R. is measured from a volume close to full inspiration or total lung capacity, and the M.I.F.R. from a volume close to full expiration or residual volume, the difference in normals may be explained by the effect of lung volume on airway resistance.
When a ventilatory defect develops, however, a striking reversal in this relationship occurs (Fig. 2) and expiration becomes slow and difficult and inspiration relatively much easier to perform. That this alteration is significantly related to disability can be seen from the values obtained in the miners with pneumoconiosis (Figs. 4 and 5 reversed. This we interpret as due to structural changes in the lung resulting from emphysema. Dayman (1951) Table III . The volumes expired in one second are quoted because the volume expired during the first second of a forced expiration (F.E.V.,.0) is so frequently measured in routine work. The maximum intrathoracic pressures reached during the first second are listed with the expired volume, and it is seen that in the emphysematous patients, although the relationship is not strictly constant, smaller volumes may be expelled with the greater pressures. There is a lower limit below which the volume expelled is less with less pressure. In normals, on the other hand (Table II) , a volume plateau is reached over a fairly wide range of pressures and below this a further fall in pressure results in a smaller one-second volume. This has also been reported by McDermott and McKerrow (1956) and it explains why the F.E.V. is so reproducible in normals. Although it is to a greater extent pressure-dependent in emphysematous patients, the F.E.V. will still be a reproducible measurement and will still correlate well with disability, provided the maximum effort is made by the patient. It will not, however, necessarily be the largest possible one-second volume, obtained by the optimal intrathoracic pressure, that the patient can achieve; and it may differ from this value by as much as 100% (T.A. in Table III) .
Certain clinical features noted in patients with severe emphysema are explained by the bronchial collapse mechanism. Their wheezing fails to respond to spasmolytic drugs and is constant and fixed, unlike that due to pure asthma. During exercise or an acute respiratory infection when the work of breathing increases, the collapse mechanism is more pronounced because of the greater respiratory pressures developed, and patients commonly adopt the trick of pursing their lips qn expiration to raise the intrabronchial pressure. The bronchial collapse mechanism and other causes of increase in airway resistance, such as smooth muscle spasm, secretions and mucosal oedema, may, of course, coexist, and probably frequently do. In such cases the effect of spasmolytic drugs on expiratory and inspiratory flow rates may well give valuable additional information.
SUMMARY
The maximum expiratory and inspiratory flow rates (M.E.F.R. and M.I.F.R.) have been measured spirometrically according to the method of Danzig and Comroe.
Normally the M.E.F.R. has a higher value than the M.I.F.R., but with the development of a ventilatory defect the relationship is completely reversed. This ratio reversal is highly significant when related to the degree of dyspnoea.
The abnormal physiological basis for the ratio reversal is discussed. In patients who show it, emphysema is to be suspected.
In such patients a maximum expiratory effort may produce a one-second volume considerably below that which could be achieved by a lesser effort. 
